A blow on the head, especially if followed by symptoms of concussion, causes anxiety which is born of the knowledge that injury to the brain and other serious complications may occur. A child who attends hospital on account of a head injury is usually admitted for observation for signs of these complications and it is a common practice to x-ray his skull in order to find out whether it has been fractured. The primary object of the present investigation was to determine whether a routine skull x-ray of a child with a recent head injury gives information which helps the doctor either to give a prognosis or to decide on the treatment of his patient. The additional objects of the survey were to assemble information about the age, sex incidence, and causes of head injuries in children.
A blow on the head, especially if followed by symptoms of concussion, causes anxiety which is born of the knowledge that injury to the brain and other serious complications may occur. A child who attends hospital on account of a head injury is usually admitted for observation for signs of these complications and it is a common practice to x-ray his skull in order to find out whether it has been fractured. The primary object of the present investigation was to determine whether a routine skull x-ray of a child with a recent head injury gives information which helps the doctor either to give a prognosis or to decide on the treatment of his patient. The additional objects of the survey were to assemble information about the age, sex incidence, and causes of head injuries in children.
With these objects in mind I looked through the notes of all the children up to 13 years of age who had been admitted with head injuries into a general hospital in London during the years 1951 to 1956 inclusive. The relevant information was collected from the notes and has been analysed and tabulated. The parents of each patient were then sent a letter requesting their help and were invited to supply the answers to questions relating to the history of the child after discharge from hospital. The answers were scrutinized and the information so provided has been analysed and tabulated. Criteria A case was included in the survey if there was a history of a blow on the head and the child showed either some external evidence of the injury (laceration, haematoma or abrasion) or had had symptoms suggesting concussion (disturbance of consciousness or memory, drowsiness). Cases were not included where it was clear from the history and appearance of the wound that the injury was merely a simple incised wound and there were no symptoms of concussion. Wounds of the face and eyes only with no symptoms of concussion were also excluded. Some patients had other injuries in addition to the head injury but they were not included unless the head injury satisfied the above criteria.
Classification
The cases were classified according to the severity of the concussion into the following three groups: Group Age and Sex Incidence The figure shows the incidence by age and sex. The maximum incidence for both sexes is between the ages of 8 and 9 years (26 boys and eight girls) with secondary peaks in boys at 12 to 13 years (25 cases) and 4 to 5 years (15 cases) and in girls at 5 to 6 (6 cases). (Case 22) , who is in a home. Information about the remaining 133 cases is derived from answers to a questionnaire which was sent to the mothers of all the patients in the original series. The minimum period between the original injury and the date of the reply was one whole year and the maximum period was six whole years.
Sequelae. The symptoms and untoward effects under consideration were regarded as sequelae if they occurred after return home from hospital and they had not been present before the injury occurred. Tables 5 and 6 show the incidence of various sequelae about which information was specifically sought. In Table 5 the cases are grouped according to the presence or absence of a fracture of the skull, and in Table 6 the grouping is according to the severity of the concussion. It will be seen from these two tables that of cases with fractures 66 % had sequelae and of those with no fracture 49 *5 % had sequelae. Of cases classed as severe (including the one who died), 61 -5 % had sequelae; of cases classed as 'moderate', 51 .5% had sequelae and of cases classed as 'slight' 52% had sequelae.
With the single exception of the one child who is permanently demented and blind, there is no surviving child in the follow-up series who is suffering from sequelae which would be noticeable to anyone who did not know the child before the accident, and the majority of symptoms complained of in the answers might readily be explained away as coming within the range of normality. Fits. Personality changes were reported in 30
(22 %) of the cases in the follow-up series. Table 7 shows the changes of personality described by those who replied to the questionnaire. In none of the above cases was the change of personality very pronounced and it is, of course, impossible to say whether the change was the result of the injury or of other causes. The only evidence that the injury contributed to these changes is that, according to the parents, they made their appearance shortly after the injuries had been sustained. School Work. In 11 cases (8 %) the parents reported an improvement in school work dating from the return to school after the injury. In 15 (11%) there was a deterioration. The only case who could not receive normal education was Case 22 who is in an institution for mentally defective children and who is also blind as a result of the accident. The parents of some children could not judge the change in intellectual status because they were too young at the time of the accident to attend school. In all cases the change in school work was not very great and in all there was a steady improvement up to the time of the receipt of the questionnaire, the majority of cases having completely regained their previous status.
Ataxia. Parents were questioned specifically about muscular paralysis or weakness and none of the parents who replied to the questions would admit to muscular paralysis in their children, but one child was stated to have lost her sense of balance, one was stated to be more clumsy after the accident, and one to have 'weakness' with no further amplification of the term. The blind child (Case 22) had cortical blindness.
Headaches. Forty-two children (31 %) of the follow-up series were reported as having had headaches which dated from the head injury. They have been grouped according to whether the headaches were stated by the parents to be 'frequent' or 'occasional'. No great reliance must be placed upon this classification because no definition of these terms was suggested to the parents, so that the numbers included under these headings are not properly comparable. A third heading is assigned to cases whose headaches were stated to have been frequent at first but which had become only occasional by the time the questionnaire was received. As with the school work and personality change none of these children was seriously handicapped by the headaches, and it is easy to argue that they might well be no more frequent or severe than the headaches felt by any child from time to time.
Compensation. The parents had been asked whether compensation for the injury had been sought In 10 (7 4%/) cases compensation had been paid.
Information about these cases is set out in Table 8 . In seven out of the 10 patients receiving compensation the head injury had been assessed as 'slight', for two the assessment was 'moderate' and one 'severe'. In six cases there was no fracture of the skull, in two a fracture was present and one was not x-rayed. In one case the compensation was admitted by the parents to have been paid on account of a leg injury sustained at the same time. In seven of the compensated cases the injury was sustained in a traffic accident, one fell off a swing in a public playground, one fell off a moving bus, and one was hit by a falling builder's ladder.
Depressed Fracture. Table 9 shows the four cases in which a diagnosis of depressed fracture was made, either clinically or radiologically. In one case a depressed fracture was missed clinically, and in one it was suspected clinically but not confirmed radiologically. In one case, in spite of the assessment of the injury as 'slight', the patient's depressed fracture was surgically elevated, and the patient had no complication or sequelae. In the patient whose injury was compound and obviously very severe, brain toilet was carried out but the patient died without recovering consciousness. In the remaining two, treatment was conservative, and of these two patients one had 'frequent-becoming-occasional' headaches as a sequela. Discussion Sex Incidence. That boys injure their heads more often than girls is a fact which will not surprise those who are familiar with the ways of children. 'Boys will be boys' is a proverbial truth which must be remembered when planning a programme of investigation into the causes of accidents in children or when preparing any scheme for preventing their occurrence. The restless exploration and aggressiveness of the male are biologically useful to the species in many obvious ways and the tendency of boys to behave as if they were expendable is to the more sedate and careful behaviour of girls, as the reckless mobility of the spermatozoon is to the more sedentary and egocentric habits of the ovum.
Age Incidence. The two age peaks of head injuries shown in the figure provide scope for speculation as to their significance. They are capable of being interpreted as reflecting, in the first peak a phase of development when the child's co-ordination is unequal to his demands upon it, and in the later peak, the intense preoccupation with his activities which makes a boy so heedless of danger.
Cause of Injury. As might be expected traffic accidents accounted for about 33% of the injuries Other Aetiological Factors. Because of lack of the necessary data in the notes it was not possible to go into several other possible aetiological factors which might have been interesting. Among these are the time of the day, the month of the year, the state of the weather, the number in the family, the economic status of the family, the psychological set-up in the home and the emotional or physical state of the child at the time. In planning a future investigation these things might profitably be taken into account.
The Value of Diagnosing a Fractured Skull. The primary object of this investigation was to assess the value, if any, of x-raying the skull in children with head injuries. An x-ray of the skull might possibly be of value if it provided affirmative answers to three questions: (1) Does the finding of a fracture of the skull in the x-ray make necessary any change in the treatment of the case? (2) Does the finding of a fracture of the skull in the x-ray afford more reliable guidance than clinical assessment alone as to the probability of complications? (3) Does the finding of a fracture of the skull in the x-ray afford more reliable guidance than clinical assessment alone as to the probability of sequelae?
With regard to Question I relating to immediate treatment, all the cases in this series had been admitted to hospital on account of injuries and all were kept at rest and under close observation. This line of treatment is generally accepted as correct for all cases of head injury and no one would dispute the wisdom of it. If it could be shown that the absence of a fracture of the skull made admission unnecessary, that in itself would fully justify the taking of an x-ray. That such criterion for admission is invalid is shown by In one case (No. 120) a depressed fracture had been suspected clinically but was not confirmed radiologically. The information about depressed fractures to be had from this investigation is insufficient to justify any conclusion and the writer's experience of the management of such cases is also too meagre for him to venture an opinion. There is wide agreement among leading authorities that operation is advisable for closed depressed fractures of severe degree but for depressed fractures of lesser extent, just the kind that might most easily be missed without an x-ray, a number of authors advise conservative treatment. Dickson Wright and Handfield-Jones (1957) write: 'Simple depressed fractures in children should not be operated upon at first because a great many recover spontaneously. If later elevation of the fragment is deemed necessary all bruising of the soft tissues will have subsided and the danger of infection is thereby lessened'. Browder (1949) Surgery (1956) states, 'the majority of patients with simple depressions should be operated on except those having slight depression in the frontal area and small simple depression in the midline and the large venous sinuses'. Bailey and Love (1956) state, 'treatment depends on the extent of the depression and the site of the injury'.
After considering the views expressed by the authorities quoted above one must concede that where there is a clinical suspicion that a depressed fracture may exist it is advisable to x-ray the skull in order to settle the matter. But in a large number of cases which are being discussed the clinical findings were such that even if a depressed fracture were present it would only be a slight 'pond' fracture, of the type that would merely require conservative treatment. It does not seem, therefore, to be necessary to x-ray the skull immediately merely to detect a slight depressed fracture. It should be quite safe to confine x-rays to those cases where there was clinical suspicion of a depression or where surgical intervention was clearly indicated on account of a deterioration in the patient's condition.
The Non-Depressed Fracture. After leaving the troubled waters of the depressed fracture question, one encounters much plainer sailing, and it is beyond dispute that treatment of children with head injuries is exactly the same whether a fracture is demonstrated by the x-ray or not. The chief function of the skull is to protect the brain from damage and this it does remarkably well, though in absorbing the force of a blow, the bone often sustains a fracture. It is a matter of physics that the harder the blow the greater will be the chance of a fracture, but Table 2 shows that, whereas, among severe cases, as defined in this paper, there is a 50/50 chance of the skull having been fractured, the chance of a fracture in cases of moderate or slight severity is approximately the same, namely around 20%.
Question 2 relating to the likelihood of complications can be answered by study of Tables 4 and 4a . These tables show that of the 17 cases which were attended by complications five were severe, eight were moderate and four were slight. Nine had fractures and eight had no fracture and in none of these cases was an x-ray of the skull omitted. The conclusion with regard to Question 2, therefore, is that a skull x-ray is a no better means of foretelling the occurrence of complications to head injury than the clinical assessment of the case alone.
With regard to Question 3, if the cases with sequelae are arranged according to whether a fracture was present or absent, as in Table 5 , and then according to severity as in Table 6 , a comparison between the two tables will throw some light on the prognostic value of the two methods of classification in regard to the incidence of sequelae.
The three sequelae which occurred in sufficient numbers to merit comparison, are 'Personality Change', 'Changes in School Work' and 'Headaches'. These sequelae were all slight and did not really cause any material disability. Indeed in most cases it would be hard to refute the allegation that the sequelae reported by the parents were in fact quite unrelated to the head injury and were chance occurrences such as might befall any child. It is important to bear in mind that the writer is not attempting to convey the impression that the figures quoted are an accurate numerical account of the incidence of sequelae of head injury. To It is therefore important when limb bones are fractured to use x-rays in order to help to bring about as perfect a realignment of the bones as possible. The skull bones, however, are not mainly concerned with the function of movement, and they are so arranged that they are very well splinted by each other and by the overlying aponeuroses and other structures. Their outstanding function is that of a protective armour and as such are designed to be bent and battered to a considerable degree without losing their protective function. There is, therefore, no clinical need to know in every case the precise extent to which the bones have been broken and battered and it is this difference coupled with the knowledge suggested by this investigation which justifies the doctor in omitting to take a routine x-ray of the skull after a head injury and to reserve this investigation for cases for whom it is considered on clinical grounds to be necessary.
The indications for an immediate skull x-ray in children with head injuries appear to be as follows:
(1) In order to obtain evidence that the head has been struck in cases where the suspicion exists but where no external signs of damage to the head can be found. (2) In order to confirm a clinical suspicion of depressed fracture. (3) In order to define the extent of damage to the bones in cases where immediate surgical treatment is contemplated. Many doctors continue, as a routine, to x-ray the skulls of their patients with head injuries although they are by no means convinced of the value of doing so. If asked why they do so they will reply that they do it to provide themselves with 'medico-legal cover'. Lawyers do not know much about medical practice but they rightly expect a doctor to have acted in accordance with accepted medical practice. If, therefore, doctors always take skull x-rays merely to satisfy the lawyers, one can hardly blame the lawyers for expecting them to continue to do so. It is the doctors' duty to teach the lawyers that when treating a child with a head injury an x-ray of the skull is not always an essential item in the correct management of the case. It is only after they have been taught this lesson that the lawyers will cease to expect a skull x-ray on all occasions.
I wish to thank Mr. Metcalfe and Mr. Thomas for permission to follow up these patients, most of whom were in their care whilst in hospital.
